gation, this enzyme was purified 200 times as high in specific activity as cell-free extract by means of salting out, chromatography on DEAE-Sephadex A-25 and gel filtration with Sephadex G-100. This enzyme was most stable at pH 8.0 and required 10-2 M Mg2+ in the reaction mixture for the highest activity. It lost the activity by heat treatment at 40°C for 15 min in absence of the substrate.
Mutant cultures were prepared on productivity of or tolerance to streptomycin, and their capacity to produce streptomycin-phosphorylating enzyme was examined. The cul tures which had low to no capacity to produce streptomycin produced a small amount to none of the enzyme, suggesting that production of the streptomycin-phosphorylating enzyme had some correlation with streptomycin productivity of the culture. But no definite cor relation was observed between productivity of the enzyme and the capacity to tolerate streptomycin.
In the previous paper,'' a streptomycinphosphorylating enzyme was shown to be pro duced in the mycelium of Streptomyces griseus HUT 6037 in the stationary to autolyzing phase. This enzyme phosphorylated C6-OH of streptidine moiety of streptomycin in pre sence of ATP and Mg" In the present paper, further purification and characterization of the enzyme were car ried out, and, in the various mutants from the same culture as above, the correlation was investigated between the capacity to produce the enzyme and that to produce or tolerate streptomycin.
MATERIALS AND METHODS
The same materials and methods as those in the pre vious paper1) were employed in the present investiga tion in respect to strain, inoculum, culture medium, preparation of cell-free extract, assay of antibiotic potency and estimation of phosphorylated strepto mycin.
Estimation of streptomycin-phosphorylating activity in enzyme preparation.
The reaction mixture for phos phorylation of streptomycin consisted of 0.4ml of 5 mm streptomycin sulfate, 0.4ml of 15mm ATP (disodium salt), 0.2ml of 0. 1M magnesium sulfate, 0.2 ml of 1 M Tris-maleate buffer (pH7.0), 0.8ml of enzyme solution and a few drops of toluene. It was incubated at 30°C for 1 hr. For control, w reaction mixture was prepared substituting 0.5% aqueous sodium chloride solution for enzyme. As the phos phorylated streptomycin is biologically inactive, the quantity produced by the enzyme was shown with the difference of residual streptomycin in the above two reaction mixtures after incubation.
The enzyme activity was expressed with the amount of strepto mycin which was phosphorylated at 30°C for one hr Dry weight of mycelium .
Two ml of mycelium suspension or sonicated mycelium was dried in a small dish made of aluminum foil at 60°C for 24 hr . After cooling in a desicator, it was weighed .
Preparation of streptomycin-resistant mutants . Resistant cultures were obtained from Streptomyces griseus HUT 6037 by serial transfer on Bennett agar slants which were enriched with streptomycin in gradually increased amount in each transfer .
RESULTS

Partial purification of enzyme
If the streptomycin-phosphorylating enzyme is localized near the surface of the mycelium , namely external to the protoplasmic mem brane, it could be liberated from the myceli um by osmotic shock method described by Nossal et al.," giving an advantageous material for enzyme purification.
But this was not the case when the same method was applied to 72 and 96 hr mycelia of Streptomyces griseus HUT 6037.
When ammonium sulfate was added giving 0.6 saturation to the cell-free extract of the organism grown for 96 hr, about 90% enzyme activity in the cell-free extract was salted out . The precipitate was dialyzed against 0 .03M Tris-HCl buffer (pH 8.0) for 15 hr. The dia lyzate was added onto a column of DEAESephadex A-25 equilibrated with the same buffer. After washing with the buffer, the column was eluted in gradient way with 0 to 5°o NaCl dissolved in the buffer (Fig. 1) . The enzyme was eluted in about 2% NaCl fractions.
Those fractions were pooled and concentrated by freeze-drying.
It was then subjected to gel filtration through a column of Sephadex G-100, eluting with the same buffer as above (Fig. 2) . In Table I The enzyme in the eluate from Sephadex G-100 was purified 200 times as high in specific activity as the cell-free extract, giving 28% yield. This eluate was used for examination of the fol lowing enzyme properties.
Influence of pH on enzyme stability
The enzyme solutions were adjusted to dif ferent pH values as is shown in Fig. 3 with HGl or NaOH solution and kept at room temperature for 15 min.
After readjustment of pH to 8.0, they were made up to a fixed volume and the phosphorylating enzyme ac- tivity was determined. The results are given in Fig. 3 . This enzyme was most stable at pH 8.0, but rapidly inactivated on either side of the pH.
On the other hand, the influence of the substrate on stability of the enzyme was also examined at various pH. The reaction mix tures without buffer were adjusted to differ ent pH (5 to 8) as are shown in Fig. 3 . After addition of buffer in respective pH, the mix tures were incubated at 30°C for 1 hr. Citric acid-sodium citrate buffer (0.1 M) and Tris maleate buffer (0.1 M) were employed for pH 5 to 6.5 and for pH 6.5 to 8, respectively. As is shown in Fig. 3 produced streptomycin just before excretion from mycelium, the possibility was discussed in the previous paper, denying the mecha nism.
On the other hand, the authors already reported that young mycelium of Streptomyces griseus HUT 6037 which should have few streptomycin-phosphorylating enzyme excreted phosphorylated streptomycin (referred to as L) when it was suspended in aqueous glucose and sodium chloride solution.'-Also in streptomycin-producing culture broth, L ap peared outside the cell prior to streptomycin accumulation, i.e. in young culture broth where the pH is below neutral. When the pH value of culture broth was controlled to be at slightly acid side through every stage of culture, all antibiotic accumulated in the phosphorylated form (L)81. Furthermore, few phosphorylated streptomycin are detected in free form in cell-free extract of the mycelium through all stages of growth.
From these facts, it looks to be reasonable to suppose that phosphorylated streptomycin in mycelium exists in a bound form to some cell component.
If the phos phorylating enzyme intrinsically participates in formation of this bound phosphorylated streptomycin, it still remains to be solved when and how the enzyme plays the role on the biosynthetic pathway.
The third possibility for induction of the enzyme formation by streptomycin is now under investigation.
